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(54) METHOD AND APPARATUS FOR SURFACE TREATMENT 



(57) The present invention provides method and ap- 
paratus for surface treatment which, when employed in 
process steps of manufacturing semiconductor devices, 
can result in the final products having enhanced relia- 
bility. According to the surface processing method, an 
obeject to be processed W is introduced in a processing 
vessel 1 0, which is then supplied with CIF3 gas serving 
as cleaning gas from a supply unit 26. The CIF3 gas is 
bound to the suriace of the object to be processed W, 
and although the supply of the gas to the processing 
vessel is interrupted, the CIF3 gas bound to the surface 
of the object to be processed W serves to clean the sur- 
face of the object to be processed. Next, reducing gas 
Is introduced into the processing vessel W to remove 
chlorine from the object to be processed W, the chlorine 
being derived from the CIF3 gas. After that, the introduc- 
tion of the reducing gas is inten-upted. and the cleaned 
object to be processed W is exported from the process- 
ing vessel 10. In addition to that, a surface processing 
apparatus 1 and other processing devices are arranged 
in a cluster device so that an object to be processed 
therein is transported among them from one to another 
under a vacuum environment. 
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DescrlptI n 

Field of th Invention 

[0001] The pres nt invention relates to a method and 
apparatus for surfac treatment which processes a ob- 
ject to be processed, such as semiconductor wafer. 

Background Art 

[0002] In general, In fabricating semiconductor inte- 
grated circuits (semiconductor devices), substrates 
such as semiconductor wafers as object to be proc- 
essed under treatment repetitively undergo predeter- 
mined procedures of film fonnation and pattem etching 
to build a number of desired devices. 
[0003] During a variety of process steps applied to a 
object to be processed (substrate), the object, such as 
semiconductor wafer (hereinafter referred to as "wafer 
(s)"), had to be transported among processing units 
from one to another, and the wafers were unavoidably 
exposed to the atmospheric air during transport. Certain 
portions of wafer surfaces exposed to the atmospheric 
air (e.g.. exposed portions of silicon substrates at the 
bottoms of contact-holes, or exposed portions of metal 
layers at the bottoms of through-holes) often got into re- 
action with oxygen and moisture in the air, and made 
native oxide films. There was also the possibility of pro- 
ducing chemical oxides on exposed surfaces due to re- 
actions of such exposed portions with chemicals during 
wet cleaning (e.g., RCA cleaning). Additionally, there 
was another possibility that wafer surfaces were con- 
taminated with substances such as metals during the 
transport of the wafers among the processing steps and 
among processing units. 

[0004] Such oxides including native oxide films and 
chemical oxides (referred to as "native oxides" herein- 
after) and metal contaminants degrade semiconductor 
properties such as electric properties, and thus, it has 
been usual to perfonn surface treatment to the wafer 
surfaces to remove the oxides and metal contaminants 
from them and clean them. 

[0005] A typical technique conventionally employed 
as surface treatment to remove native oxide films and 
other undesired substances was wet cleaning (e.g. RCA 
cleaning) which immersed wafers in a liquid chemical 
such as HF solution to remove native oxide films and 
others. However, along with progressively increased 
density of integration and miniaturization of semicon- 
ductor devices, their dimensions including line widths 
and diameters of contact-holes are getting more and 
more miniaturized, which results in, for example, in- 
creasing aspect ratios of contact-holes and reducing 
their diameters to an extent around 0.2 to 0.3^m or even 
smaller (e.g., 0.1 2^m). Miniaturization to that extent 
caused the problems that liquid chemicals failed to suf- 
ficiently impregnate minute contact-holes, or on the con- 
trary, liquid chemicals in th contact-holes could not go 



outth refrom due to their surface tensions. Thes prob- 
lems sometimes led to th fatal disadvantag that nativ 
oxide films developed at the bottoms of the contact- 
holes could not be sufficiently removed. 

s [0006] In treating a multi- layered structure through the 
wet cleaning, sine its respective layers xposed along 
walls of contact-holes made therethrough were different 
in etching rate, it caused further problems, such as ir- 
regularities in level of the wall surfaces of the contact- 

10 holes. 

[0007] Figs. 8A and SB of attached drawings illustrate 
a contact-hole 202 for making electrical contact to a 
drain and a source formed on a surface of a wafer W of 
silicon (SO, for example. Hole diameter D shown in Fig. 

IS 8A is in the range from 0.2 to 0.3|im, approximately. Mul- 
ti-layered wall surfaces of the hole 202 are defined by 
silicon oxide films (SiOs) of three layers, for example, 
which are stacked in different film formation steps. For 
example, the first SiOa film 204 is fonmed by thermal ox- 

20 idlzation on the surface of the wafer W, the second Si02 
film 206 is made of phosphor-doped glass by spin coat- 
ing, and the third SiOs film 208 is made of silica glass. 
In addition to that, as shown in Fig. 8A, a native oxide 
film 210 is produced at the bottom of the contact-hole 

25 202. 

[0008] In such a three-tayer-stacked layer, the Si02 
films 204, 206 and 208 are different in etching rate rel- 
ative to a liquid chemical during wet cleaning. After the 
native oxide film 21 0 is removed by the wet cleaning, as 

30 shown in Fig. 88, irregularities 209 are produced due to 
differences in etching rate, or border areas between ad- 
jacent layers where the liquid chemical can seep more 
easily are excessively eroded (see notches in the draw- 
ing). This is also a problem involved in the conventional 

35 wet-cleaning technique. 

[0009] To overcome the above-mentioned disadvan- 
tages in the existing wet-cleaning technique, various al- 
ternative methods called dry-cleaning techniques (etch- 
ing techniques) have been proposed as a replacement 

40 for wet-cleaning techniques relying on liquid chemteals, 
which used an etching gas to remove native oxide films 
(see, for example, Japanese Patent Laid-Open Publica- 
tion No. hei 4-206526 and Japanese Patent Laid-Open 
Publication No. hei 6-196455). 

45 [0010] Typically used is sputter etching with argon gas 
and H2 gas as a method of removing native oxide films 
by dry cleaning. 

[001 1 ] In a method for burying through holes of sem- 
iconductor wafers with a metal as disclosed in Japanese 

50 Patent Laid-Open Publication No. hei 4-206526 refenred 
to above, native oxide films or others are removed by 
pre-treating base metals partially exposed in a prelimi- 
nary processing chamber, especially treating oxidized 
films overlying the metal films by supplying and heating 

55 CIF3 gas. Then that method transports the pre-treated 
waf rs from the preliminary processing chamber to a 
film deposition chamber by a transport means without 
exposing them to the atmospheric air to conduct selec- 
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tiv CVD of metals. 

[0012] In the method of processing th waf rs as dis- 
closed in the above-Identified Japanes Patent Laid- 
Open Publication No. hei 6-196455. wafers are placed 
in an atmosphere of a mixed gas of CIF3 and H2. and 
ultraviolet rays are Irradiat dtoth mixed gas to ther by 
remove native oxide films produced on the wafers with- 
out heating the wafers. 

[0013] However, the prior art sputter etching tech- 
niques relying on argon gas and hydrogen gas had the 
possibility of damaging contacts in the wafers, and there 
was the demand for a dry-cleaning technique using a 
low energy. 

[001 4] Additionally, the known cleaning technique us- 
ing CIF3 gas involved the following problems: 
[0015] That is, there was the problem that chlorine, 
derived from the CIF3 gas used for the cleaning, con-od- 
ed metal films and others on wafers, and the resultant 
products of the semiconductor devices were degraded 
in yield and reliability. Since CIF3 gas is a chlorine-con- 
tained gas, after wafer surfaces were cleaned by using 
CIF3 gas, chlorine remained on the wafers in fomi of 
chlorine atoms combined with silicon or metals existing 
on wafer surfaces, for example, and the residual chlo- 
rine corrode metal films and others (as wirings of sem- 
iconductor devices, for example) formed on the wafers. 
Therefore, it invited deterioration of electrical properties 
of semiconductor, and degraded the reliability and yield 
of semiconductor devices as finished products. 
[001 6] Furthermore, there was the problem that reac- 
tion by the CiFs gas excessively progressed, inviting 
damages to wafers and degradation of the yield and re- 
liability of semiconductor devices as finished products. 
More specifically, after wafer surfaces were cleaned by 
using CIF3 gas, not only native oxides but also insulating 
filnns of SiOz and metal films of Al intentionally formed 
on the wafers were undesirably etched by reaction with 
the CIF3 gas. When insulating films serving as interiayer 
insulating films in semiconductor devices and metal 
films serving as wiring in semiconductor devices are ex- 
cessively etched, the resultant semiconductor devices 
degrade in electrical properties, and this inevitably re- 
sults in decreasing the reliability and yield of semicon- 
ductor devices as final products. 
[0017] The present invention is directed to overcom- 
ing the above-mentioned problems involved in the con- 
ventional cleaning technique for object surfaces to be 
processed, and it is an object of the present invention 
to provide a surface processing method and an appara- 
tus therefor, which can improve the reliability of final 
products when used in process steps of manufacturing 
semiconductor devices. 

Disclosure of Invention 

[001 8] To attain the above-mentioned object, the in- 
vention as defined In Claim 1 Is characterized in com- 
prising a step of cleaning a surfac of an object to b 



processed by using CIF3 gas; and removing chlorin d - 
rived from the C\F^ gas still remaining on th surfac of 
the object under treatment ven after th step of clean- 
ing th surface. 
5 [0019] Th inv ntionasdefin din Claim 2 is hara - 
tertzed In that the step of r moving chlorine includes a 
step of removing chlorine from the surface of the object 
to be processed by using a reducing gas. 
[0020] The invention as defined in Claim 3 is charac- 
10 terized in that the reducing gas is H2 gas. 

[0021] The invention as defined in Claim 4 is charac- 
terized in comprising the steps of making CIF3 gas ad- 
here to a surface of an object to be processed by sup- 
plying the CIF3 gas to the surface of the object to be 
15 processed; interrupting the supply of the CIFg gas to the 
surface of the object to be processed; and cleaning the 
surface of the object to be processed by using the CIF3 
gas adhering to the surface of the object to be proc- 
essed. 

[0022] The invention as defined in Claim 5 is charac- 
terized in that the object to be processed is cooled to 
20 *C or below in the step of making CIF3 gas adhere 
to the surface of the object. 

[0023] The invention as defined in Claim 6 is charac- 
terized in comprising a processing vessel in which a 
object to be processed is placed; a means for supplying 
CIF3 gas into the processing vessel; a means for acti- 
vating the CIF3 gas supplied in the processing vessel; 
and a means for supplying a reducing gas into the 
processing vessel. 

[0024] The invention as defined in Claim 7 is charac- 
terized in comprising a processing vessel in which a 
object to be processed is placed; a means for supplying 
CIF3 gas into the processing vessel; a means for pro- 
moting adhesion of CIF3 gas to the object to be proc- 
essed; and a means for activating CIF3 gas supplied in 
the processing vessel. 

[0025] The Invention as defined in Claim 8 is charac- 
terized in further comprising a mount located in the 
processing vessel to set the object to be processed ther- 
eon. 

[0026] The invention as defined in Claim 9 is charac- 
terized in that the means for promoting adhesion of the 
CIF3 gas to the object to be processed is provided in the 
mount to function to cool the object to be processed on 
the mount. 

[0027] The invention as defined in Claim 10 is char- 
acterized in that the means for activating the CIF3 gas 
heats the object to be processed in a heating position 
distant from the object setting position for setting the ob- 
ject on the mount. 

[0028] The invention as defined in Claim 11 is char- 
acterized in furfher comprising a means for elevating 
and lowering the object to be processed between the 
object setting position and the heating position. 
[0029] The invention as defined in Claim 12 is char- 
acterized in comprising th surface processing appara- 
tus according to any one of claims 6 through 1 1 ; a trans- 
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port chamb r capable of maintaining a non-reactive at- 
mospher inside and capable of transporting a object to 
be process d In th non-reactive atmosphere to and 
from the surface processing apparatus; and one or mor 
processing apparatuses capable of transporting the ob- 
ject to b process d to and from th transport chamb r. 
[0030] The invention as defined in Claim 13 is char- 
acterized in that the processing apparatus is a metal 
wiring fonnation chambers for making metal wiring on 
the object to be processed. 

Brief Description of Drawings 

[0031] 

Fig. 1 is a diagram that shows schematic configu- 
ration of a preferred embodiment of the surface 
processing apparatus according to the present in- 
vention. 

Figs. 2A and 2B show a wafer lifting mechanism 
used in the surface processing apparatus shown in 
Fig. 1 , in which Fig. 2A is a plan view and Fig. 2B 
is a side elevation. 

Figs. 3A and 3B illustrate variations of a CIF3 gas 
supply unit (shower head) used in the surface 
processing apparatus in Fig. 1 , in which Fig. 3 A is 
a plan view of a ring-shaped shower head and Fig. 
3B is a plan view of a lattice-shaped shower head, 
both of which are viewed from a wafer mount. 
Fig. 4 is a flow chart that shows process steps of a 
preferred embodiment of the surface processing 
method according to the present invention. 
Figs. 5A> 5B, and 5C are diagrams that show proc- 
ess steps of a preferred embodiment of the surface 
processing method according to the present inven- 
tion, in which Fig. 5A is an enlarged view of a native 
oxide bound to the wafer, Fig. 5B is an enlarged 
view of CIF3 gas bound to the wafer, and Fig. 5C is 
an enlarged view of residual chlorine going to be 
removed by reducing gas (Hg gas) which is activat- 
ed by plasma. 

Figs. 6A and 68 illustrate another example of the 
wafer mount, in which Fig. 6A is a plan view thereof 
and Fig. 6B is a front sectional view thereof. 
Fig. 7 is a schematic diagram of a vacuum cluster 
device which employs a surface processing appa- 
ratus of a preferred embodiment according to the 
present invention in Fig. 1 as a vacuum cleaning 
device in combination with a heating device, a de- 
vice of creating wiring, and a cooling device. 
Figs. 8A and 8B are diagrams illustrating a prior art 
surface processing method for removing native ox- 
ide films, in which Fig. 8A is an enlarged view of a 
native oxide film produced on and bound to the bot- 
tom of a contact-hole of the wafer, and Fig. 8B Is an 
enlarged view of irr gularities produced along side 
walls of the contact-hole. 



Best Modes for Carrying Out the Inv ntion 

[0032] An mbodiment of th method and the appa- 
ratus for surface treatment therefor according to th 
5 present invention is xplained below in detail with refer- 
nee to th attached drawings. 

Configuration of the Apparatus for surface treatment 

[0033] Fig. 1 is a diagram that shows schematic con- 
figuration of a preferred embodiment of the apparatus 
for surface treatment according to the present invention. 
The apparatus for surface treatment (cleaning device) 
1 shown in Fig. 1 is used to clean surfaces of wafers W 
(object ot be processed) having contact-holes 202 (see 
Fig. 8A) fomned therein in a manufacturing process of 
semiconductor devices, for example. Removed in the 
cleaning procedure are oxides (hereinafter refen'ed to 
as "native oxide(s)'') such as native oxide films devel- 
oped on a bottom surface of the contact-hole 202 or oth- 
er chemical oxides having grown to a thickness around 
10 to 20 Angstrom, and contaminants such as metals 
adhered to the bottom surface and side walls of the con- 
tact-hole 202. 

[0034] The surface processing apparatus 1 is prima- 
rily comprised of a plasma developing pipe 30 which ac- 
tivates reducing gas such as H2 gas into plasma ions, 
a processing (reaction) vessel 10 which is loaded with 
the object to be processed or the wafer W and executes 
predetermined surface processing to clean the surface 
of the wafer, and a cleaning gas supply conduit 26 which 
supplies the processing vessel 10 with CIF3 gas as the 
cleaning gas. 

[0035] The processing vessel 1 0 is made of aluminum 
material and has inner walls coated with quartz (SiOg) 
linings 13 and 14 to protect the wafer W from contami- 
nation by metals and protect the aluminum surface from 
con'osion. The processing vessel 10 is a cylindrical 
housing having a circular, square, or octagonal cross- 
section. 

[0036] The processing vessel 1 0 has its bottom fitted 
with a bottom panel 12 of a predetermined thickness, 
and a base 29 having its surface covered with quartz is 
placed on the bottom plate 1 2. A cylindrical wafer mount 
20 stands on the base 29, which is entirely covered with 
quartz except for its portion to place the wafer on. On 
an approximately horizontal upper surface of the wafer 
mount 20, the object to be processed or the wafer W is 
held by a clamp ring 21 made of quartz. Moreover, the 
cylindrical mount 20 houses a heat exchanger 23 that 
has a jacket (or a pipe) loaded with a coolant (chiller), 
and the coolant is supplied from a coolant supply device 

42 into the jacket (or the pipe) 22 through a cooling path 

43 to circulate in a cooling system, thereby to cool down 
the wafer W to a desired temperature such as 20 '^C or 
below. 

[0037] Also provided in the mount 20, a wafer lift 
means 24 controlled in up and down motion by a pin 
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drive mechanism 25 that functions to rais the wafer put 
onth mount to a heating position distant from th wafer 
mount portion on th mount 20 upon heating it, as ex- 
plained later. The wafer lift means 24 is configured as 
shown in Figs. 2A and 2B, and a hydraulic cylinder 25 
(pin driv mechanism) is placed on a low r surface of 
the base 29 In the mount 20 at a lower part of the 
processing vessel 10. and a U-shaped support member 
24b is fixed to the tip of a cylinder rod 25a of the hydraulic 
cylinder. Support pins 24a are provided, with their re- 
spective distal tips projecting upward and their respec- 
tive proximal ends fixed at several points (e.g., three 
points) to an arm 24 extending from the support member 
24b in radial directions, so as to support the wafer W at 
the three points to keep the wafer approximately hori- 
zontal. When the wafer is heated by heating lamps 19, 
the hydraulic cylinder 25 is actuated to raise the wafer 
W to the heating position as mentioned above. 
[0038] As shown in Fig. 1, there are four exhaust 
pipes 40 in a peripheral region of the bottom panel 12 
fitted in the bottom of the processing vessel 1 0 such that 
the processing vessel 1 0 is evacuated by an exhaust 
means 41 such as vacuum pump connected to the ex- 
haust pipes 40, respectively. 

[0039] In an upper portion of the processing vessel 
10, a top panel 11 of aluminum material is fixed, and a 
quartz dome (cover) 15 having a flange 16 is stacked 
thereon via a seal member 1 7 such as O-ring. Since the 
dome 15 is integrated with a quartz plasma developing 
pipe 30. the dome 15 is merely required to have a me- 
chanical strength enough to support them, and it may 
be configured in a fiat quartz plate, not limited to the 
dome shape. 

[0040] In a seal region where the seal member 1 7 is 
attached, a pressure sensor, and other devices, are pro- 
vided to monitor the fastening pressure in the seal re- 
gion and gas leakage from the seal region. 
[0041] A plurality of heating lamps 19 are provided 
above the dome 1 5 to heat the wafer W from above it to 
activate the CIF3 gas on the wafer W. These heating 
lamps 19 may be halogen lamps enabling quick in- 
crease of the temperature such that heat rays emitted 
from the heating lamps 19 pass through the transparent 
quartz dome 1 5 and impinge the surface of the wafer W 
raised to the above-mentioned heating position to heat 
the wafer W to a desired temperature such as 150 *C 
or below, 

[0042] The heating lamps 1 9 are covered with a cover 
18 made of a material such as metal to block heat rays 
and light beams from the heating lamps 10 to the exte- 
rior, and this cover effectively prevents the cleaning gas 
such as CiF3 or H2 and the reducing gas from spreading 
and flooding to the exterior even if the quartz dome 15 
is broken. 

[0043] Altematively, a light source for emitting ultravi- 
olet rays may be used to activat the CIF3 gas. 
[0044] A gate vatv 1 0a is fonmed through a side wall 
of the processing vessel 1 0. and it is opened and closed 



upon transporting th waf r W in and out. When the 
vatv is opened, th processing vessel communicat s 
with the transport chamber. Inner wails of the gate valve 
10a are coat d with protective quartz. 
s [0045] Additionally, a plasma developing pip 30 
mad of quartz, which is us dtointroduc reducing gas 
and activate the gas into plasma ions, is integrally united 
to the quartz dome 1 5 at its upper center portion by weld- 
ing, and opens to the processing vessel 1 0 at the center 
10 of the dome 15. 

[0046] Connected to an upper end of the plasma de- 
veloping pipe 30 is a reducing gas introducing member 
33 for introducing H2 gas as the reducing gas into the 
plasma developing pipe 30, which is configured to sup- 
ply H2 gas from a H2 gas source 36 through a mass flow 
controller (MFC) 34 to a gas flow path 33a, and then 
supply it as a reducing gas to a plasma developing unit 
of the plasma developing pipe 30 wound with an induc- 
tion coil 35. 

[0047] Connected to the induction coil 35 is a radio 
frequency power source 32 for generating radio fre- 
quency waves (RF waves) of 13.56 MHz. for example, 
via a matching circuit 31 for impedance matching. The 
induction coil 35 is supplied with radio frequency power. 
As a result, the reducing gas supplied to the plasma de- 
veloping unit is changed into plasma, and supplied as 
an active gas seed from the opening 30a of the plasma 
developing pipe 30 to the processing vessel 1 0. 
[0048] Atternativety, a microwave discharge tube may 
be used as the plasma developing source. 
[0049] Below the opening 30a of the plasma develop- 
ing pipe 30. there are provided gas jets 26a (preferably 
arranged in an approximately horizontal plane, i.e. a 
plane substantially parallel to the surface of the wafer 
W set on the mount 20. in substantially equal intervals) 
to supply CIF3 gas as a cleaning gas into the processing 
vessel. The gas jets (CIF3 gas supply portions) 26a are 
connected to the conduit 26 via a ring-shaped tube 26b 
arranged along the outer circumferential wall of the 
processing vessel 10, and the conduit 26 is connected 
to a CiF3 gas source 28 via the mass flow controller 
(MFC) 27 to supply the CIF3 gas through the gas jets 
26a to the processing vessel 1 0 at a desired flow rate. 
[0050] Refening to Fig. 1 , although the gas Jets 26a 
are depicted as openings at the tips of tubular objects 
which slightly project inward from the inner wall surface 
of the processing vessel 10, they may be direct open- 
ings of the inner wall surface of the processing vessel 
10. 

[0051] As shown in Fig. 3A. by making a quartz ring- 
shaped shower head 261b having fonmed a plurality of 
gas jets 21 6a along its circumferential area (preferably 
arranged in substantially equal intervals along the cir- 
cumferential area) to open downward, and connecting 
a conduit 261 to the ring-shaped shower head 261 b, this 
structur may be set in position (preferably, approxi- 
mately horizontally) within the processing vessel 10 to 
supply the CIF3 gas to the processing vessel 10. 
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[0052] Furthermore, as shown in Fig. 3B. by making 
a lattice-shaped shower head 262b having f omried a plu- 
rality of gas jets 262a to open at predetemrtined positions 
(pr ferably aligned in substantially qual intervals on the 
lattice), and connecting a conduit 262 to th lattice- 
shap d shower head 262b, this structur may be set in 
position (preferably, approximately horizontally) within 
the processing vessel 1 0 to supply the CIF3 gas to the 
processing vessel 10. 

[0053] As stated above, by configuring the CIF3 gas 
supply means to have a plurality of gas jets, it is possible 
to supply the CIF3 gas in form of a shower from the gas 
jets into the processing vessel 1 0 and to unifomnly pour 
the gas onto the wafer W put on the mount 20. 

Mode of the Surface Processing Method 

[0054] Next explained is a surface processing (clean- 
ing) method using the surface processing (cleaning) ap- 
paratus 1 having the above-explained configuration as 
an embodiment of the surface processing method ac- 
cording to the present invention, with reference to Fig. 
4 (flowchart). 

[0055] In the surface processing apparatus 1 shown 
in Fig. 1 , the vacuum pumps 41 are first actuated to 
evacuate the processing vessel 10 through the exhaust 
pipes 40 to make a vacuum atmosphere (e.g., 1 to 3 
Torr). 

[0056] Then, the gate valve 10a is opened to import 
a wafer W as an object to be processed into the process- 
ing vessel 1 0 from an adjacent vacuum transport cham- 
ber, for example. After the wafer W is set on the mount 
20, the gate valve 1 0a is closed, and the clump ring 21 
is actuated to hold the wafer W on the mount 20 (Step 
S301). At that time, the contact-hole 202 (Fig. 7) is al- 
ready formed in the wafer W in a preceding step, and a 
native oxide 80 of a thickness around 1 0 to 20 Angstrom 
overlies the bottom surface of the hole. 
[0057] After that, the CIF3 (chlorine trifluoride) gas 
controlled in flow rate to a desired value by the mass 
flow controller (MFC) 27 is supplied to the cleaning gas 
supply conduit. Then the CIF3 gas is showered from the 
gas jets 26a opening into the processing vessel 10 so 
as to unifonmly flow down onto the wafer W set on the 
mount 20 (Step S302). 

[0058] At that time, the coolant supply device 42 
shown In Fig. 1 Is actuated to supply the coolant (e.g., 
ethylene glycol) into the mount 20 and cool it there, 
thereby to cool the wafer on the mount 20. Since the 
wafer W on the mount 20 is already cooled, adhesion of 
the CIF3 gas to the wafer W is promoted, and the wafer 
W adsorbs the CIF3 gas well (Step S303). According to 
experiments by the Inventor, the CIF3 gas does not de- 
compose substantially in the temperature range where 
the surface temperature of the wafer W is 1 00 *C or low- 
er, and only a small amount thereof Is adsorbed onto th 
surfac of the wafer W. In contrast, when the surfac 
temperature of the wafer W is low, amount of the ad- 



sorbed CIF3 gas increas s. Thus. In order to ensure ef- 
ficient adsorption of th CiF3 gas onto the surface of the 
wafer W, the wafer W is preferably cooled to 20 or 
lower in terms of its surface temperature. In this way. as 
5 shown in Fig. 5B, th CIF3 gas 81 is bound to the wafer 
W. 

[0059] After that, introduction of the CIF3 gas into the 
processing vessel 10 is inteniipted (Step S304). At this 
point, the processing vessel 10 is in an evacuated con- 
10 dition. 

[0060] At the room temperature the CIF3 gas hardly 
reacts (the native oxide 80 and other substances are not 
removed, and the surface of the wafer W is not cleaned). 
In this status, the clamp ring 21 is activated to release 

IS the wafer W from the mount 20, and the wafer lift means 
24 is driven to raise the wafer W to the above-mentioned 
heating position (Step S305). Then, the heating lamps 
1 9 as the heating means are tumed on to heat the wafer 
W from above. In this way, temperature of the wafer W 

20 is quickly raised from the room temperature to a desired 
temperature such as 150 '^C (Step S306). 
[0061] As a result of the quick rise in temperature of 
the wafer W by the heating lamps 1 9 to 1 50 *C, the CIF3 
gas bound to the wafer W is thermally decomposed and 

25 activated on the surface of the wafer. Thus the native 
oxide 80 and other undeslred substances are removed 
from the surface of the wafer W, and the surface of the 
wafer W is cleaned (Step S307). After the cleaning, the 
heating lamps 19 are tumed off (Step S308). 

30 [0062] After the surface of the wafer W is cleaned with 
CIF3 gas in this manner, as shown in Fig. 5C, chlorine 
83 derived from the CIF3 gas used as a cleaning gas 
remains on the surface of the wafer W in f omn of chlorine 
atoms bonding to other atoms that make up the surface 

35 of the wafer. 

[0063] Taking it into account, H2 gas is supplied as a 
reducing gas from the H2 gas source 36 shown in Fig. 
1 to the gas flow path 33a via the mass flow controller 
34. By supplying the induction coil 35 with radio frequen- 

40 cy power, the gas supplied into the gas flow path 33a 
is activated into plasma ions inside the plasma develop- 
ing pipe 30, and they flows down as an active gas spe- 
cies through the opening 30a of the plasma developing 
. pipe 30 to the wafer W residing in the processing vessel 

^5 10 (Step S309). Then, as shown in Fig. 5C, the re- 
ducing gas 84 removes the residual chlorine 83 on the 
wafer W from Its surface by its reducing function (Step 
S310). 

[0064] Removal of the residual chlorine by using the 
50 reducing gas may be perf omried in a chamber other than 
the processing vessel 10. Alternatively, by introducing 
the reducing gas, without activating it into plasma, into 
the processing vessel 10 and heating the wafer W to a 
predetermined temperature with.the heating lamps 19, 
55 the residual chlorine may be removed from the wafer W. 
[0065] After that, introduction of the reducing gas is 
interrupted (Step S311). At this point, the processing 
vessel 10 is held in an vacuated condition. 
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[0066] Finally, the gate valv 10a Is op n d. and the 
wafer W with its surf ac cleaned is transported from the 
processing vessel 1 0 and sent back to an adjacent vac- 
uum transport chamber, for exampi (Step S31 2). Then, 
after the gate valve 1 0a is closed, the waf r W is deliv- 
ered to the next step, e.g. the heating chamber adjacent 
to the vacuum transport chamber, by a transport robot 
or the like. 

[0067] In the surface processing method as described 
above, the CIF3 gas is applied to the surface of the wafer 
W to adhere the CIF3 gas to the surface of the wafer W, 
and after the supply of the CIF3 gas to the surface of the 
wafer W is interrupted, the CIF3 gas adsorbed onto the 
surface of the wafer W is utilized to clean the surface of 
the wafer W. Thus, amount of the reactive CIF3 gas can 
be limited to the amount of the gas adsorbed onto the 
surface of the wafer W or even below so as to control 
the progress of the reaction of the CIF3 gas, and hence, 
excessive etching of films, such as insulating films and 
metal wiring filnns, stacked on the wafer W can be pre- 
vented. 

[0068] Additionally, since the wafer W is cooled to 20 
*'C or below in tenns of its surface temperature to expe- 
dite adsorption of the CIF3 gas onto the wafer W, the 
CIF3 gas is efficiently bound to the surface of the wafer 
W. 

[0069] Furthermore, since the wafer W is raised to the 
heating position distant from the wafer mount portion on 
the mount 20 upon heating the wafer W, heat conduction 
between the mount 20 and the wafer W is restrteted, and 
the wafer can be heated efficiently. 
[0070] Further, since the surface of the wafer W is 
cleaned by using the CIF3 gas and chlorine derived from 
the CIF3 gas and left on the surface of the. wafer W is 
removed by using a reducing gas, films such as metal 
filnns on the wafer W can be protected against con^osion 
caused by residual chlorine. 

[0071] Moreover, since gas is used as the reducing 
gas, residual chlorine on the wafer reacts with the re- 
ducing gas to produce volatile hydrogen chloride as its 
reaction product, and this product can be easily drained 
out of the processing vessel. 

[0072] The above mentioned surface processing 
method is applicable for removal of very thin oxides 
(about 10 to 20 Angstrom) grown on W, Ti, Al, Ni, Co or 
their sllicide, in addition to the above-mentioned appli- 
cation for removal of native oxides produced on Si. 
[0073] The above-mentioned surface processing 
method is suitable for an application of cleaning surfac- 
es of wafers W where through-holes have been defined, 
as well as the application of cleaning surfaces of wafers 
W where the contact-holes have been defined. 

Modified Embodiments of the Wafer Support Means 

[0074] With reference to Figs. 6A and 6B, other em- 
bodiments of the wafer support means will now be de- 
scribed below. 



[0075] Refeningtoth s drawings, reference numer- 
al 401 denotes a processing vessel. Placed at th bot- 
tom of the processing vessel 401 is a bottom panel 403 
which has formed an exhaust pipe 405 at its center. 

s [0076] In a location ecc ntric from the center of the 
bottom panel 403 where th exhaust pipe 405 xists. a 
cylindrical mount support member 407 extends vertical- 
ly. A disk-shaped wafer mount 409 is fixed to the mount 
support member 407. A concavity 411 is defined in an 

10 upper surface of the wafer mount 409 such that a wafer 
can be set in the concavity 411 . 
[0077] Inside the wafer mount 409, a coolant flow path 
413 extends to circulate a coolant, which is used to cool 
the mount. The coolant flow path 413 extends all over 

'5 the outer periphery and center of the waf er mount to uni- 
fomrily cool the whole wafer mount 409. The coolant flow 
path 413 is connected to a pair of coolant conduits 415. 
The pair of the coolant conduits 41 5 extend through the 
inside of the cylindrical mount support member 407 and 

20 are connected to a coolant supply means (not shown). 
By creating a flow of the cooing medium to and from of 
the wafer mount 409, the wafer can be cooled. 
[0078] In a location offset from the center of the bot- 
tom panel 403, where the exhaust pipe 405 is provided, 

25 and circumferentially distant from the mount support 
member 407 by a predetermined angle, a pin drive 
mechanism 417 is fixed. The pin drive mechanism 417 
has a drive source like a motor inside, and a rod 419 
driven by the drive source actuate protrudes into the 

30 processing vessel 401 . A main anm 421 is fixed to an 
upper end of the rod 41 9, and the main ami 421 is con- 
figured to project toward the center of the processing 
vessel 401 . Three sub-arms 423 are provided at a distal 
end of the main ami 421 . These three sub-amns 423 ex- 

35 tend in radially outward directions while making the an- 
gle of 120 **C between every adjacent two of them. The 
sub-arms 423 support lift pins 425 extending upward 
from their respective tips. Each lift pin 425 is inserted 
into one of apertures made in the wafer mount. With this 

40 arrangement, by first activating the drive source inside 
the pin drive mechanism 41 7, the rod 41 9 is moved ver- 
tically. As the lift pins 425 are moved up and down by 
the sub-arms 423, the wafer set on the wafer mount 409 
can be lifted or lowered. 

45 [0079] In the wafer support means, since the mount 
support member 407 and the pin drive mechanism 41 7 
are positioned off the center of the processing vessel 
401 while the exhaust pipe 405 is connected to the cent- 
er of the bottom panel 403, a flow line of gas exhausted 

50 from the processing vessel is fomned in axial symmetry 
about the axis of the processing vessel. Therefore, it is 
prevented that the atmosphere in the processing vessel 
becomes uneven, and uniform processing of the wafer 
is ensured. 

55 

Arrangement of the Cluster Device 

[0080] Explained below is an embodiment of mutti- 
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chamber duster device compos d by connecting the 
surfac processing apparatus according to th invention 
to anoth r processing apparatus (for example, a metal 
wiring formation chamber) via a transport chamber. 
[0081] A cluster devic 1 00 shown in Fig. 7 us s the 
surfac processing apparatus 1 shown in Fig. 1 as an 
embodiment of the processing apparatus according to 
the invention to function as a vacuum cleaning chamber 
1 01 . and includes the vacuum cleaning chamber 1 01 . a 
heating chamber 102. one or more chambers 103 for 
creating metal wiring (which is configured to stack metal 
wirings of metals such as Al, 71, TIN, Si, W, WN, Cu, Ta, 
TaN, SiN. or the like, for example, on the object to be 
processed), a cooling chamber 104, and a load lock 
chamber 105 which all are connected via gate valves 
1 08 to the transport chamber 106 capable of maintain- 
ing an evacuated condition inside. And a transport robot 
1 07 provided inside the transport chambercan transport 
the object to be processed or a semiconductor wafer be- 
tween the transport chamber 106 and other chambers 
in a vacuum, which is a non -reactive atmosphere. 
[0082] A cassette loaded with the semiconductor wa- 
fer is transported into the load lock chamber 105, and 
the load lockchamber 1 05 is evacuated. Then, the wafer 
is transported one by one from the load lock chamber 

105 into the transport chamber 106, and the wafer is 
aligned in position by using an aligner such as orienta- 
tion flat aligner in the transport chamber 106. Then, the 
wafer is sent from the transport chamber 106 into the 
vacuum cleaning chamber 101, and its surface is 
cleaned there. 

[0083] Next, the wafer is exported from the vacuum 
chamber 101 and sent into the transport chamber 106. 
Thereafter, they are sent from the transport chamber 

106 into the heating chamber 102, and preheated in the 
heating chamber 102. 

[0084] After the wafer is exported from the heating 
chamber 1 02 and imported into the transport chamber 
106, they are imported from the transport chamber 1 06 
into the chamber 1 03, metal wirings of Al, Tl, or the like, 
are fonmed on the wafer by CVD in the chamber 103. 
Then, the wafer is exported from the chamber 13 and 
imported into the transport chamber 106. Thereafter, 
they are imported from the transport chamber 106 into 
the cooling chamber 104, and cooled in the cooling 
chamber 104. 

[0085] After the wafer is exported from the cooling 
chamber 104 into the transport chamber 106, and then 
from the transport chamber 1 06 into the load lock ch am- 
ber 1 05. The processed wafer sent back to the load lock 
chamber 105 can be exported from the load lock cham- 
ber 105 after the pressure level within the load lock 
chamber 105 is adjusted in the atmospheric pressure 
level. 

[0086] The reason why the cooling chamber 104 is 
provided lies in that significant temperature reduction is 
essential and before transporting the wafer from the 
metal wiring formation chamber 1 03 usually heating wa- 



fers to approximately 500 for making wirings thereon 
into the load lock chamber 105 not tolerabi b yond a 
temperature around 150 "C. 
[0087] The heating chamber 102 may b omitted if th 
5 waf r need not be heated in advanc before m tal wir- 
ing is fomied on the waf r. 

[0088] In the above-mentioned cluster apparatus, a 
continuous process steps from the cleaning of the wafer 
surface to formation of metal wirings can be carried out 
10 without exposing the wafer to the air, and development 
of the native oxides on the wafer can be prevented in 
the process steps from the cleaning to the formation of 
the metal wirings. 

[0089] Thus, this continuous process, when applied 
IS to the wafer having contact-holes and through-holes, 
makes it possible to decrease resistance values at junc- 
tions between metals filling the holes and the bottoms 
of the holes. 

[0090] Additionally, since those continuous process 
steps are carried out in a single cluster device, time 
management from cleaning to formation of metal wirings 
is no longer needed, and these continuous process 
steps ensure a high throughput. 
[0091] The surface processing method and the appa- 
ratus therefor according to the present invention can en- 
hance the reliability of final products when they are ap- 
plied to the process of manufacturing semiconductor de- 
vices. 



nethod for surface treatment comprising the 
}s of: 

cleaning a surface of an object to be processed 
by using CIF3 gas; and 

removing chlorine derived from the CIF3 gas 
still remaining on the surface of the object un- 
der treatment even after the step of cleaning 
the surface. 

2. A method for surface treatment according to claim 

1 wherein the step of removing chlorine includes a 
step of removing chlorine from the surface of the 
object to be processed by using a reducing gas. 

3. A method for surface treatment according to claim 

2 wherein the reducing gas is H2 gas. 



50 

4.. A method for surface treatment comprising the 
steps of: 

making CiF3 gas adhere to a surface of an ob- 
55 ject to be processed by supplying the CIF3 gas 

to the surfac of th object to be processed; 
intenupting the supply of the CIF3 gas to the 
surface of th object to be processed; and 
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cleaning the surface of th object to b proc- 
essed by using the CIF3 gas adhering to the 
surface of the object to b processed. 

5. A method for surface treatment acc rding to claim 
4 wherein the object to b processed is cooled to 
20 or below In the step of making CIF3 gas ad- 
here to the surface of the object. 

6. An apparatus for surface treatment comprising: 

a processing vessel in which a object to be 
processed is placed; 

a means for supplying CIF3 gas Into the 
processing vessel; 

a means for activating the CIF3 gas supplied in 
the processing vessel; and 
a means for supplying a reducing gas into the 
processing vessel. 

7. An apparatus for surface treatment comprising: 
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20 



non-reactiv atmospher inside and capabi of 
transporting a object to be processed in the 
non-reactive atmospher to and from the sur- 
face processing apparatus; and 
one or mor processing apparatuses capable 
of transporting the object to be processed to 
and from the transport chamber 

13. The cluster device according to claim 12 wherein 
the apparatus for surface treatment is a metal wiring 
formation chambers for making metal wiring on the 
object to be processed. 



a processing vessel in which a object to be 
processed is placed; 

a means for supplying CIF3 gas into the 25 
processing vessel; 

a means for promoting adhesion of CIF3 gas to 
the object to be processed; and 
a means for activating CIF3 gas supplied in the 
processing vessel. 30 

8. An apparatus for surface treatment according to 
claim 7 further comprising a mount located in the 
processing vessel to set the object to be processed 
thereon. 35 



9. An apparatus for surface treatment according to 
claim 8 wherein the means for promoting adhesion 
of the CIF3 gas to the object to be processed is pro- 
vided in the mount to function to cool the object to 40 
be processed on the mount. 



10. An apparatus for surface treatment according to 
claim 9 wherein the means for activating the CIF3 
gas heats the object to be processed in a heating 45 
position distant from the object setting position for 
setting the object on the mount 



11. An apparatus for surface treatment according to 
claim 1 0 further comprising a means for elevating so 
and lowering the object to be processed between 

the object setting position and the heating position. 

12. A cluster device comprising: 

55 

the apparatus for surface treatm nt according 

to any one of claims 6 through 11 ; 

a transport chamber capable of maintaining a 
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